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SUMMARY 

Supersonic aerodynamic tests were conducted In the Langley Unitary 
Plan Wind Tunnel to determine the effects of wing fillet and canard 
modifications on the longitudinal and lateral -directional characteristics 
of aJ140A/B Space Shuttle Orbiter configuration. 

The significant effect of the modifications was to reduce the static 
longitudinal stability. The modifications also provided slight stabilizing 
Increments In directional stability at high angles of attack. 

All of the modifications moved the trlirmed center-of-gravlty location 
forward relative to the baseline configuration, and' the Increments decreased 
with Increasing Mach number. The largest forward center-of-gravlty 
Increment was obtained for the large canard which provided a 2.5 percent 
of length extension of the orbiter center-of-gravlty envelope. 


INTRODUCTION 

The longitudinal center-of-gravlty range of the Space Shuttle Orbiter 
for trimmed flight during entry, approach, and landing Is quite limited. 

This puts a considerable constraint on the allowable mass distribution of 
shuttle payloads. In an effort to extend the orbiter center-of-gravlty 
envelope, a study was undertaken at the Langley Research Center to determine 
the feasibility of developing simple, “bolt-on" modifications. Modifications 
which were studied Included changes In fuselage nose shape and wing fillet 
planform and the addition of fixed canard surfaces. Systems design analyses 
were undertaken to determine the weight penalties (ref. 1), and aerodynamic 
heating tests and analyses provided Information on the Impact of the 
modifications on thermal protection system requirements (ref. 2). Wind-tunnel 
force and moment tests were conducted across the speed range to assess the 
effectiveness of the modifications In extending the center-of-gravlty 
envelope and the Influence of the modifications' on flight characteristics. 
Hypersonic aerodynamic characteristics of the modifications arc presented 
In references 3 and 4, and transonic characteristics In reference 5. 

The purpose of this paper Is to present the effects of planform fillet 
and canard modifications on the aerodynamic characteristics of the 140A/B 


orb1t(Jr coni^l durst Ion st Msch nunibors from 2 B to d th^o ^ k. 
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SYMBOLS 


with ?r® P>'®sented about the body system of axes 

with only the lift-drag ratios presented about the stability axes All 

baSeflne^mdei^wai^L^S”^^^!®^ herein were nondlmenslonall :eu using the 

chSd Tte SJmeJt^ ®r®2* fPfS* aerodynSSic 

«fer«ce1eSr(l!lf!ll!38 CT yiz ?nf))^ of thrSSol'rSo 

for Customat 7 Unfts. When two symbols"are‘l1sted** 


aspect ratio 


b 

e 

C^jCA 


Wing span, 23.79 cm (9.37 in.) 


mean aerodynamic chord, 12.06 cm (4.75 in.) 


axial^force coefficient, 


drag coefficient, — -^-S^tPILce 


q S 


ref 


^LeCL 


lift coefficient, 

q.. S,ef 


:j,CBL 


rolling-moment coefficient, 
AC 


^rof ^ 


P ® 5°; per degree 


;„,cLM 


pitching-moment coefficient, PlfeM-hS. !"P!»cnt 

^ n C fi 




Cj^.CN 

C„«CYN 

C„ 

Cy.CY 

Cy 

h 

L/D 

^ref 

M 


normal -force coefficient, ^ 

»ref 

yawlng-mwnent coefficient, 

^pef- 




A C. 


0 « 0°, 5°; per degree 


A 0 
\ / 

s4 de-^f orce-coetficlent. 


side force 
^00 ^ref 


A C. 


0 « 0°, 5°; per degree 


A 0 

lift-drag ratio 


fuselage reference length, 32.77 cm (12. SO In.) 


Mach number 

* * n p 

free-stream dynamic pressure. Newtons per meter (Ib/ft ) 


fre e-stream Reynolds number based. on 
Sj,g^ wing reference area, 0.02 (0.27 ft^) 

Xg,yg model stations, cm (in.) 

a angle of attack, deg 


0 sidesli p angle, de d . .. 

5np body-flap deflection angle (positive for trailing edge 

down), deg. 


6 eleven deflection angle (positive for trailing edge down), deg. 

\S 
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'SB 


spHt^rudder flare angle (positive for tra441ng edges 
deflected outboard), deg. 


Model Configuration Components: 


BiWVSqEF 


baseline 140A/B orbiter configuration 


baseline^ fuselage forebody 

small canar^J with flat-plate airfoil sections 

large canard with flat-plate airfoil sections 


baseline elevon. 


F 

Sn 


baseline body flap 


baseline planform fillet 


fillet modification having planform geometry similar to a 
strake 


V 

W 


baseline vertical tall 


wing (outboard panel) having a leading-edge sweep 

UT 


APPARATUS AND TESTS 
Model 

Geometric details of the model used In the wind-tunnel Investigation 
are shown In figure 1 and table I with model photographs In figure 2. The 
baseline configuration (fig. 1(a)) was an 0,01-scale model of the Rockwell 
International 140A/B Space Shuttle Orbiter configuration described In 

In ® rOTOvable forebody and removable components 

In *^he wing planform fillet region which allowed geometry modifications. 

'(*>) and Uc) consisted of one wing 
planform fillet configuration, $ 2 * and two canard configurations, C 3 
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?Sm-Kddw f“"M incorporated a 

The leading edge of the S 2 fniet modification produced a planform 
shape very similar Jo a stroke (fig. 1(b)). PlUet S 2 had a leadlnJ-edoo 
sweep angle of 67. 4^ extending outboard to yo • 3.584^cm and xo » 12.9^9 cm 
PolJf leadlng-edge swoop fncreoied to as^/and the 

?I?5h outboard wing panel was the same as 

(So) Intersection. The streamwise sections of this 

^A 44 *i the outboard wing panel jnd had leadlng-edge 

radii Identical to those of the baseline fillet, Sq. 

* 1 !*^ ^5 flat-plate sections with- rounded . . 

leading-edge- sweep angles for 

canards C 3 and C 4 were 55.0” and 54.7”, respectively. The trailing 

2# ^c”o/ic* SL formed by Circular arc -segments having 

rad11..of...S.245 can and 6.217 cm, respectively. 


Tests 

was conducted la the high Mach number-test section of 
Unitary Plan Wind Tunnel (ref. 6 ) at Mach numbers of 2 . 5 , 3 . 9 ^; 
and 4.6. Free-stmm Reynolds number (based. on Fuselage reference length) 
for the Investigation was approximately 2*2 x lOh. Test angles of attack^ 

5” of sideslip.'' Art Internally 
mounted six-component strain-gage balance was used to measure aerodynamic 

r2rif2 acting on the model. Corrections have been applied to the 

account for st 1 twj_and balance deflections 
produced by aerodynamic loads on the model. 

T“»*ans1t1on strips were located behind the leading edges Of all model 

Spaced Carborundum grains having a nominal grain 
wlSS n?^ streamwise locations of the transition strips 

were 3.05 cn. behind the fuselage nose and 1.02 cm behind the leading 
edges of the wing planform fillets, canards^ wing, and vertical tall. ^ 


RESULTS AND DISCUSSION 


obtained in the present study are tabulated by run 

^^^5? ®^!? ^?clndes a Data Set/Run Number Collation 
Summary (table II) to expedite the location of data for a particular 
configuration and test condition. »v.wuiar 


Longitudinal Aerodynamic Characteristics 

The longitudinal aerodynamic characteristics for the baseline orbiter 
configuration, BiWVSqEF, are shown In figure 3 for two sets of control 
deflections: a . 40 ", c'igp « -11.7*’ and « 10”, ^'^bf « 16 3 ” 
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Effects of the various configuration tnodl float Ions ere presented In 
figures 4 to 6 and may be Indexed as follows: 

Effect of mod 1 f 4 cat 1 on Figure 

$2 fillet 4 

C3 canard S 

canard 6 

Effect flf planf^^ fillet reshaplno.^ Replacing the baseline planfomi 

fillet* So» wiih^pi^nfoi^ fillet si (f 1 .g« 4 ) produced slight Increases In 
% accompanied by significant reductions In longitudinal stability levels 
over the Mach, number range of the Investigation. Also noted were slightly 
Increased L/D values attributable, to eliDform fillet $2* 

jfgpts of canards. > Addition of the two canards C3 and C4 (figs. 5 
!® significant destab-lllllng shifts In the 

^4* large-canard, producing the largest 

Increments due to both canards were Inslgnlfl- 
cant at a Mach number of 2.S. The C3 canard provided slJghtly Increased 
i/D values at angles of attack from approximately 9° to 24 ® at the higher 
Mach numbers Investigated for 60 « 10° * 6 dc * 16 . 3 °. The lame canard c. 

eondlMMs^InvMtlgated"*^** *"** positive longitudinel control deflection 

-j ^he addition of canard. C3 resulted in aerodynamic characteristics 
similar to those noted for the configuration with the- So fillet modification 

these two modifications should, therefore depend on 
arother”speedr^°'^^ aerodynamic iieating and effects on aerodynamics 

- nwdi fl cations on forward c.g. trim capabi lity.- The effects 

^ 40 A/b oroiter configuration in ierms of center 
of gravity (c.g.) forwa. iioyement are summarized In table III. The c.q. 

conservative forward c.g. limits with 
the set at their maximum nose- up trim conditions (6e « - 40 o, 

m = -11.70) the nominal angles of attack were Incremented ± 4 ° and a 
/f *’^• 9^5 analysis of the aft c.g. trim 

?"*, <fL‘n5’ ww "Ot reqSi^d sine, 

the controls are not set at the maximum values. 

the trlnmed c.g. locations forward with the 
Incre^nts decreasing with Increasing Mach number. The large canard 

P^vlded the largest c.g. shift (2.5 percent of body 
length) at M » 4 . 6 . The S? planform fillet modification was also 
considered effective with a 2.0 percent Increment at M « 4.6. The small 
C3 canard modification resulted In a forward Increment of 1.0 percent at 

n * 4*0# 
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Lateral -D1 recti onal Aerodynamtc-Ctwracterl 8 t 1 cs 

and S® *2 and caMrds C3 

basal 4 con* llurJtfS wl t" ctonjcterl sties of the 

condltlonl ore pMMrtad in fllum 

sssteS HSF HS 

and canard additions occurred at ^ ‘® tbe fUlet modification 

The control settings had mindmtf lm”pac?’o'n 

SUMMARY OE. RESULTS 

determ1ne*the*effMts'S^w1nfl*olanfom®?ilil»*''^HKf^ Tunnel to 
™dl ft 

stability at high anSlwIf IncresBnts In directional 

conf1girIt1onTJe«X1d1f‘tlws°r?oTL^^ 

and the increment decreased with Increaslnc 

forward c.g. Increment w« nhJa?«I5 V* number. The largest 

which provided, a 2.5 percenfif^ length extension! niodlflcatten 
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TABLE I.« MOOEU GEOMETRY 


Theorotical wing: 

Area* planform, 0.02499 (0.2690) 

Area, eleven, (ft2) . ^ ^ 0.001951 (. 0210 ) 

Span, cm (In.) 23^792 ( 9 , 357 ) 

Chord, centerline root, cm (In.). . . , 17,S07 ( 6.892) 

Chord, tip, cm (In.) 3.501 (1.378) 

Taper ratio ....... , q 20 

ratio 2.265 

Leading-edge sweep angle, deg , 4 1 ; ^ 

Tra111ng*edge sweep angle, deg , 10.0 

Dihedral angle, deg . 3^5 

Incidence angle, deg (yo • 5.056 cm) • 0.5 

Twist angle, deg ... 3^0 

Airfoil section, tip 0012-64 modified 

Xq, wing leading edge, plane of symmetry 21.234 (8.360) 

Wing planform fillet S^, baseline: 

Leading-edge sweep angle, deg 00.9 

Xq» wing leading-edge (theoretical) Intersection cm (In.). 25,984 (10.230) 
Wing planform fillet $ 2 : 

Leading-edge sweep angle (forward portion), deg 67.4 

Leading-edge sweep angle (aft portion), deg 85.0 

Xq. Intersection of forward and aft fillet leading edges, 

“ «"•) . . . . 12.929 (5.09C) 

X . Intersection of aft fillet and theoretical wing, 

«"•) (10.230) 
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TABU !.« CONCLUDED 


Canard C 3 : 

Exposed area, nt^ (ft^) 0.001241 (0.013363) 

Lead1no*ed0e sweep angUt dag 64.7 

Canord 04 ] 

Exposed area* jg^ (ft^) . . ......... 0.002544 (0.027318) 

Leadlng^edgo sweep angle, deg . 64.7 

Vertical tail: 

Area (theoretical), (ft^) 0.003839 (0.041325) 

Leading-edge-sweep angle, deg ...... 45.0 

Root chord (theoretical.), cm (In.) ......... 6.820 (2.685) 

Tip chord (theoretical), cm (In.) ....... 1.755 (1.085) 

Span, cm (In.) . 8.019 (3.157) 

• * 

Fuselage: 

Maximum cross-sectional area, (ft^) . 0.003595 (.0387) 

Length, cm (In.) 32.774 (12.903) 

Maximum width, . cm... (In.) 6.797 (2.676) 
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(a) Three view of baseline orbiter model (Configi . ttion- b)HVSoEF) 
Figure 1.- Kodel drawings. 
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(b) Modified model with canard 
(Configuration BjHVSqCjEF) 

Figure 2.- Continued. 




(c) Modified model viith $2 fillet 
(Configuration B-jWVS2EF) 

























M » 4.6 Concluded, 
e 4,- Concluded. 
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(a) M » 2.5 

Figure 5.- Effect of canard C 3 on the longitudinal aerodynamic 
characteristics for configuration B,WVS«EF. « 55* 

























a, deg 

(c) M « 4.6 Concluded. 

Figure 6.- Concluded. 
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O Sq c« 


(a) M » 2.5 

figure 7.- Effect of fillet and canard modifications on the lateral -directional 
characteristics of configuration B^WVSqEF. 6 • -40®, 4-- ■ -11.7®, a-'^ 








(b) M • 3.95 
Figure 7.- Continued 











•) M ■ 3.95 
gure 8.- Continued. 







APPENDIX 
Tabulated Data 


The data presented herein are Identified In table II (Data Set/Run 
..umboe-Collatlon Sutnniary) by configuration and run number. These data 
are also stored on tape In the Space Shuttle Data System (DATAIIAN) and 
are Identified by shuttle test number LA-468 and data set identifier letters 
HH. Access to the data may be obtained by writing to the following address 


nivision 

Dept. 2910, p, 0. Dox 29200 
New Orleans, LA 70109 
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